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As an important component of marine ecosystem, bacterioplankton plays a key 
role in biogeochemical cycling of various elements and energy flow. On the one hand, 
they transform organic compounds into inorganic substances through remineralization 
to provide essential nutrients for algal growth. On the other hand, some 
bacterioplankton exhibit algicidal effect on algae and regulate algal growth of 
microalgae. Therefore, exploration of the relationship between bacteria and algae has 
become one of the hotspots in the current studies of phytoplankton blooms. 
This thesis investigated bacterioplanktonic community composition and the 
dominant bacteria groups at bloom different phases of different phytoplankton using 
16S rDNA sequencing; compared protein expression profiles of bacterioplankton at the 
middle and late-blooming phases of Prorocentrum donghaiense using metaproteomic 
approach, analyzed metabolic activities of dominant bacteria groups during the 
different bloom phases, and discussed their roles in regulating formation and dissipation 
of phytoplankton blooms. The main results were as follows: 
(1) Bacterioplanktonic abundance was measured using flow cytometry. The 
abundance of bacterioplankton at the late-blooming phase of Heterosigma akashiwo 
was less than at the early-blooming phase and non-blooming area, indicating that the 
H. akashiwo bloom might inhibit the growth of bacterioplankton. The abundance of 
bacterioplankton increased with the occurrence of P. donghaiense bloom and reached 
the highest at the middle-blooming phase. These results indicated that different 
phytoplankton blooms caused different effects on bacterioplankton growth. 
(2) Compositions of bacterioplanktonic community between non-bloom and 
bloom areas presented obvious difference, and varied significantly with the blooming 
phytoplankton species. Candidatus portiera, Alteromonas, SAR11 clade and OCS155 
group were major bacterial groups in non-bloom area while Alteromonas and 
Pseudoalteromonas were the dominant bacterial groups in bloom area of H. akashiwo. 
Compositions of bacterioplankton were similar between non-bloom and bloom areas of 
















clade and OCS155 group. However, Pseudoalteromonas dominated the 
bacterioplanktonic community at the late-blooming phase of P. donghaiense. 
(3) 595 and 1034 reliable proteins were indentified from middle- and late-
blooming samples, while 476 and 955 high reliable proteins came from 
bacterioplankton. In the middle-blooming phase, the major bacterial groups were 
Oceanospirillales, Rhodobacterales, SAR11 clade and Flavobacteriales. However, in 
the late-blooming phase, Alteromonadales and Pseudoalteromonas were major 
bacterial group. 
(4) TonB-dependent receptor, membrane proteins, transporters dominated the 
protein profiles, revealing bacterioplankton may actively uptake and utilize organic 
substances during phytoplankton bloom. Expressions of MFS, TRAP, SSS, ABC 
transporter system proteins varied significantly among different bacterioplanktonic 
groups, indicating different substrates and nutrient utilization strategies among 
bacterioplanktonic groups. 
(5) In the late-blooming phase, serine proteases, aminopeptidase, peptidase and 
other lytic proteins, TonB-dependent receptor, and SSS transport system proteins 
presented high expressions in Pseudoalteromonas, indicating that these bacteria may 
possess the ability to lyse cells of P. donghaiense and utilize released organic substances. 
Proteins related to RND transport system, multidrug transporter and type II secretion 
system were also identified, suggesting that these bacteria might maintain their 
dominant status through enhancing their environmental stress tolerant ability and 
secreting some inhibitors to other bacteria. 
Keywords: Phytoplankton bloom; Bacterioplankton; Phytoplankton-bacteria 

















缩写 英文名称 中文名称 
ABC ATP Binding Cassette 三磷酸腺苷结合盒 
ATP Adenosine Triphosphate 三磷酸腺苷 
ATPase Adenosine Triphosphatase 腺苷三磷酸酶 






COG Cluster of Orthologous Groups of proteins 蛋白相邻类的聚簇 




HPLC High Performance Liquid Chromatography 高效液相色谱 
KEGG Kyoto Encyclopedia of Genes and Genomes 京都基因与基因组百科全书 
MFS Major Facilitator Superfamily 主要协助转运蛋白超家族 
NCBI National Center for Biotechnology Information 美国国立生物技术信息中心 
NR All non-redundant GenBank 非冗余数据库 
OTU Operational Taxonomic Unit 操作分类单元 
PCR Polymerase Chain Reaction 聚合酶链式反应 
RB Reagent Buffer 蛋白质裂解缓冲液 
RND Resistancenodulation-division 耐药结节细胞分化超家族 
SSS Sodium-Solute Symporter 钠/溶解物同向转运体 
SYBR Synergy Brands 协同品牌 
TRAP Tripartite ATP-independent Periplasmic 
不依赖三磷酸腺苷的三组分
周质转运载体蛋白 
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